Juvenile idiopathic arthritis (JIA) is a chronic disease of childhood; it causes joint damage which may require surgical intervention, often in the young adult. The aim of this study was to describe the long-term outcome and survival of hip replacement in a group of adult patients with JIA and to determine predictors of survival for the prosthesis. In this retrospective comparative study patients were identified from the database of a regional specialist adult JIA clinic. This documented a series of 47 hip replacements performed in 25 adult patients with JIA. Surgery was performed at a mean age of 27 years ( 
Juvenile idiopathic arthritis (JIA) is a chronic disease of childhood; it causes joint damage which may require surgical intervention, often in the young adult. The aim of this study was to describe the long-term outcome and survival of hip replacement in a group of adult patients with JIA and to determine predictors of survival for the prosthesis. In this retrospective comparative study patients were identified from the database of a regional specialist adult JIA clinic. This documented a series of 47 hip replacements performed in 25 adult patients with JIA. Surgery was performed at a mean age of 27 Juvenile idiopathic arthritis (JIA) is a common rheumatic disease of childhood and over onethird of affected patients enter adulthood with ongoing active arthritis or sequelae from previous inflammation. 1 The last decade has witnessed considerable changes in its management as a result of studies that report poor long-term physical, functional and psychosocial outcomes in adults with JIA. [2] [3] [4] There has also been a tendency towards more aggressive, focused medical management, with increasingly effective treatments and greater scrutiny of the existing surgical options. 5, 6 We have reported some evidence that introducing methotrexate early may delay the need for joint surgery, 7 and it is possible that such changes will lessen the need for orthopaedic intervention.
The hip joint may be involved in up to 60% of children with JIA 8 and is a predictor of poor outcome in terms of long-term joint damage. 9 Total hip replacement (THR) remains the benchmark treatment for end-stage disease in this difficult group of patients, 4, 10 and affords good relief of pain and an improved quality of life for most, 11 at least in the short term. In the past, steroids have been the mainstay of treatment. However, these may lead to reduced bone density, poor bone growth and potential debonding of the prosthesis, 12, 13 and implant survival may be limited because of their long-term use.
14 The effect of methotrexate on implant survival is unclear.
Different types of implant have been used for hip replacement, but there is no consensus which is best. There are no statistically significant comparisons between cemented and uncemented prostheses in the literature. 15 In 1995 a clinic for adults with JIA was set up in our hospital to provide a regional service. Its purpose was to provide continuity of care for young adult patients with JIA who had been transferred from the children's arthritis service of the same NHS Trust, as well as for all adult patients with JIA, many of whom were previously under the care of adult rheumatologists in the same unit. Patients were managed by one consultant (HEF) and all patients classified using the International League of Associations for Rheumatology criteria for JIA, which has replaced previous terminologies, including juvenile rheumatoid and juvenile chronic arthritis. 16 We were therefore uniquely placed to review a group of adult JIA patients in order to answer the following questions: What are the long-term functional status and hip scores of patients with JIA who required hip replacement? What is the long-term survival of hip replacement in this group of patients? Is the survival of the prosthesis dependent on the type of fixation (cemented vs cementless)? and Do steroids and methotrexate affect long-term survival?
Patients and Methods
From the department database of 144 adult patients with JIA we identified a cohort of 25 (47 hips) who had undergone hip replacement between 1976 and 2007. All of these were included in the study. Patient details, including body mass index (BMI) at the most recent review, JIA subtype, disease duration, age of onset, age at THR, orthopaedic interventions and exposure to anti-rheumatic drugs and corticosteroids were collated (Table I ). Surgical and preoperative data were collected from the case notes. Patients were reviewed in an independent clinic by an arthroplasty nurse specialist to assess their functional status, Health Assessment Questionnaire (HAQ) scores 17 and Western Ontario and McMaster Universities osteoarthritis index (WOMAC) hip score. 18, 19 The Stanford HAQ 20-Item Disability Scale Index is a self-reported disability measure that has been validated and widely used for clinical trials in adult rheumatoid arthritis and other rheumatic diseases. 20, 21 The construct validity, predictive validity and sensitivity to change of the HAQ-20 have also been established in numerous observational studies and clinical trials, albeit not for JIA. The HAQ (score 0 to 3, with 3 being the worst functional ability) is an assessment of functional disability and is predictive of long-term patient outcome and survival of the joint replacement in patients with adult-onset rheumatoid arthritis, with some evidence of its predictive value in a cohort of adults with JIA requiring knee replacement. 22 The WOMAC score is a self-administered questionnaire covering three main domains of pain, stiffness and function, and has been validated for assessing patients with osteoarthritis of the hip and arthritis of the knee. 19 Each domain is scored out of 100. Statistical analysis. Clinical (pain and stiffness components of WOMAC score) and functional (WOMAC functional component; HAQ score for generic health) outcome was assessed. SPSS v 15 Statistical package (SPSS Inc., Chicago, Illinois) was used for the analyses. Kaplan-Meier survival curves were constructed with 95% confidence intervals (CI) to establish the survival of the THRs. The relationship between the WOMAC and HAQ scores was examined with Pearson's correlation coefficient. A multivariate Cox's proportional hazard regression analysis was carried out using implant survival as the response variable to exclude the effect of confounding variables, which could adversely affect the interpretation of the survival analyses. These include age at onset of disease, age at the time of THR, disease subtype, type of implant, gender, and use of steroids and/or methotrexate as possible covariates. Only variables with a p-value < 0.01 were included in the analyses. Con- cerns have recently been raised that clinical studies assessing orthopaedic interventions often include data from two limbs or multiple joints from one patient. This may contribute to false precision and possible bias in estimates of treatment effect. 23, 24 Owing to statistical advice we used a stringent p-value to counter the effect of bilaterality on an observation. Moreover, we used absolute endpoints such as revision instead of subjective outcome measures, which may cause bias because of two observations on the same patients. The study was registered with the hospital trust audit department and exempted from ethical approval. Statistical significance was set at a p-value < 0.05.
Results
The mean follow-up was 18.7 years (2 to 34). The distribution of the HAQ and WOMAC scores at the time of final review is shown in Table II . High negative correlation (Pearson's coefficient -0.69; p < 0.001) was noted between the HAQ score (dependent variable) and the mean WOMAC scores (independent variable). The pain component of the WOMAC score was significantly better than the functional component (t-test, p = 0.02). Long-term survival. A total of 19 hips (40.4%) were revised at a mean of 11 years (3 to 21). Of these, eight required further revision at a mean of eight years (1 to 16). The reasons for the first revision are detailed in Table III . Three hips (6.4%) had to be revised for recurrent dislocation three to six years after the primary surgery. Two of these developed uncontrolled infection bilaterally after revision surgery. Both required an excision arthroplasty, one nine years after the primary procedure and one after 20 years. Both had been taking long-term oral steroids. One patient with severe systemic JIA from the age of two, complicated by severe growth retardation, amyloidosis and osteoporosis, experienced a peri-prosthetic fracture of the femur 16 years after revision requiring further revision of the femoral component. The Kaplan-Meier survival curve for the whole group is shown in Figure 1 . A survival probability of 46.6% (95% confidence interval (CI) 37.5 to 55.7) was seen at 19 years, with revision for any cause as the endpoint, and of 58.5% (95% CI 48.3 to 68.7) with revision for aseptic loosening as the endpoint. (Table IV) . There was no significant difference between the survival of cemented and cementless components (mean survival: 13.8 years (2 to 32) for cemented versus 14.5 years (3 to 33) for cementless (chisquared test, p = 0.4)). There was also no significant (chisquared test, p = 0.73) difference in survival between the various subgroups (cemented, cementless, hybrid and resurfacing). The 19-year survival for a cemented component was 53.6% (95% CI 37.8 to 69.4), compared to 47.6% (95% CI 36.9 to 58.3) for a cementless component. Acetabular component: cemented versus cementless. The acetabular component was revised in 17 hips (36%) in 12 patients (Fig. 2) , these compromised six of 18 (33.3%) cemented components and 11 of 29 (38%) cementless components. The survival of cemented acetabular components at 12 and 19 years (82.5% (95% CI 71 to 94) and 61.9% (95% CI 46.6 to 77.2), respectively) appeared better than that of the cementless acetabular components (64.4% (Fig. 4) showed an estimated 19-year survival of 54.9% (95% CI 48.9 to 60.9) at the mean of covariates after adjusting for the effects of confounding variables such as age of disease onset, age at surgery, gender, disease type, type of implant, use of corticosteroids and methotrexate. For the overall times, taking steroids (Cox's regression, p = 0.001), gender (Cox's regression, p = 0.01) and methotrexate (Cox's regression, p = 0.02) were significant factors. Taking steroids, being female and not taking methotrexate resulted in reduced survival times. However, considered individually, none of the log-rank tests are significant. Only steroid use was significant for acetabular component survival (Cox's, p < 0.001 and logrank test, p = 0.004). For femoral component survival, only disease duration was significant (Cox's, p = 0.028). Longer disease durations resulted in shorter implant survival times.
The 19-year survival was higher for those who had not been exposed to corticosteroids (65% vs 28.8%, chi-squared test, p = 0.04) than for those who had (Figs 5 and 6 ).
Discussion
Most previous studies pre-date the era in which diseasemodifying antirheumatic drug therapy was started early. Accordingly, these publications do not reflect current clinical practice. The importance of prompt access to Cox's proportional hazards regression analysis for the whole group with revision for any reason as endpoint.
potent, safe pharmacological immunomodulation remains the mainstay of treatment for children with severe subtypes of JIA. 5, 6 However, it remains unclear whether this modern approach will ultimately reduce or delay the need for THR in JIA. Furthermore, it is likely that certain patients with refractory inactive disease may still develop joint damage, deformity, loss of function and pain at a subclinical level and despite improved surveillance require THR in early adulthood. The existing literature supports our findings that THR offers excellent pain relief. In our series we found a substantially higher early failure rate and a greater risk of infection and fracture than in older, non-JIA patients undergoing THR, but there are few or no comparative data for outcomes in an equivalent age group with joint disease from other causes.
With a mean follow-up of 19 years (2 to 36), our study compares favourably to other studies and is one of few with long follow-up. 8, 10, 14, 15, [25] [26] [27] [28] [29] [30] [31] [32] [33] Chmell et al 8 reported an overall failure rate of 44% for 66 acetabular components and 18% for the femoral components, with revision or radiological loosening as the endpoint. Lehtimaki et al 14 identified improvements in patient mobility and pain relief but did not comment on the types of procedures performed or survival rates. Jinnah et al 34 reported a higher failure rate in younger and heavier patients. Wroblewski et al 33 reported a survival of 74% after 25 years in young rheumatoid and JIA patients undergoing Charnley low-friction arthroplasty.
This particular patient group has complications which are accentuated by the systemic nature of JIA and which contribute to the reduced durability of THR. These include osteopenia (34% have low total body bone mineral density 35 ), which may lead to femoral fractures during implant insertion, 31 contractures, osseous deformities, skeletal remodelling and femoral cortical hypertrophy. 8 Our study highlights the poor long-term functional results (Table II) associated with surgery in this group of patients. The pain scores were significantly better than the functional results (p = 0.02). The high HAQ scores found in our patients reflect functional disability and impact on daily living. A significant (p < 0.001) negative correlation has been found between the HAQ and WOMAC scores, confirming, not surprisingly, that a high grade of disease activity with multisystem involvement may be associated with a poor functional outcome.
A significantly higher proportion of our patients required revision of the acetabular component (36%) compared with the femoral component (17%) (p = 0.04). We found no significant difference in the survival of cemented versus cementless components (p = 0.4), although there was a trend towards better survival of the cementless femoral component and the cemented acetabular component. Previous authors have raised the issue of poor porous ingrowth in cementless components, with lack of early predictable fixation because of poor bone stock. 31 Haber and Goodman 31 reported excellent pain relief and improvement in function after four years' follow-up, but commented on a rate of discernible ingrowth in only 70% of cementless femoral components. Odent et al 10 also focused solely on cementless hip replacement and showed a survival rate of 100% for the femoral component and 90.1% for the acetabular component at 13 years. Excellent results for cementless hips were reported by Maric and Haynes 28 (nine years' follow-up) and Lachiewicz et al 27 (six years' follow-up). However, we have been unable to extract any clear message or information about the influence of the fixation method on complication rates. 15 The survival analysis supports the view that prolonged corticosteroid use has a negative influence upon the longterm implant survival (p = 0.01) (Figs 5 and 6 ). Potential causes include the deleterious influence on bone ingrowth, 12, 13 and osteopenia resulting in a risk of fracture. These findings concur with those of Lehtimaki et al. 14 However, we have no data on the exact dose or duration of steroid use. Regression analyses show the significantly beneficial influence of methotrexate on joint survival Kaplan-Meier survival analysis of the acetabular component looking into the effect of steroids, with revision for any reason as endpoint.
(p = 0.02). Methotrexate was first introduced for the management of JIA in Newcastle in 1993, and we have previously reported that starting methotrexate within five years of the onset of disease may delay or reduce the need for joint surgery in young adults. 7 To the best of our knowledge, this is the first study to show that not taking methotrexate reduces the survival time of joint replacements in this cohort of patients.
This study has several limitations. There is a selection bias towards more severe JIA subtypes, and many patients pre-date the disease-modifying anti-rheumatic drugs era, resulting in some potentially having had unrecorded episodes of active disease and possible exposure to corticosteroids. In addition, the WOMAC and HAQ scores were collected recently, and only limited pre-operative data were available from the case notes. We have taken the most appropriate statistical measures to minimise the effect of bilaterality on the outcome. 23, 24 In summary, we report a high revision rate for hip replacement in an adult cohort of JIA patients with long follow-up. There may be a deleterious effect of corticosteroid use on implant survival and a beneficial effect of methotrexate. Our data support the view that patients who have undergone THR for JIA have better pain scores than functional scores, and there is a trend towards better survival of a cementless femoral component and a cemented acetabular component. Acetabular components required earlier revision than the femoral components, irrespective of mode of fixation.
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